The biological role of intraepithelial HLA-DR molecules and CEA in human large bowel carcinomas is poorly understood. CEA is expressed more strongly in moderately differentiated carcinomas than in those of good or poor differentiation (Rognum et al., 1982a) , whereas no apparent relationship has been found between HLA-DR expression and degree of tumour differentiation (Daar et al., 1982) . Thus, prognostic evaluations cannot as yet be based on such immunohistochemical studies. The DNA pattern of the tumours, however, may be of significant biological importance because predominantly diploid carcinomas apparently show a slower and more protracted clinical course than non-diploid ones (Wolley et al., 1982) .
The purpose of the present investigation of large bowel carcinomas was to assess epithelial expression of HLA-DR and CEA along with DNA ploidy patterns in relation to variables of known prognostic importance, such as histological grade and clinico-pathological stage. We wanted to examine if particular sets of biological features might be compatible with selected developmental stages of the malignant disease.
Materials and methods Patients
Thirty-three large bowel carcinomas from 31 patients (mean age, 61 years; range, 28-90) were studied immunohistochemically with regard to expression of HLA-DR antigens and CEA. DNA was measured in cell suspensions from 31 of the tumours by flow cytometry (FCM) . All tumours were staged according to the extended Dukes' scheme (Turnbull et al., 1967) and graded as well-, moderately-or poorly-differentiated (Ashley, 1978) . Two sections from different parts of the tumours were examined blindly by a pathologist. Only tumours that received identical grade of differentiation in both sections were selected to ensure intra-specimen homogeneity of this variable. Clinico-pathological features are given in Table I .
Immunohistochemistry
Tissue slices from each tumour were fixed in cold 96% ethanol and processed for paraffin embedding as described previously (Brandtzaeg, 1974) . Sections cut at 6pm were dewaxed and subjected to paired immunofluorescence staining at room temperature. One section from each series was stained by a trichrome routine method (HAS) containing haematoxylin, azofloxin, and saffron (Stave & Brandtzaeg, 1977 (Rognum et al., 1980) . The red signal from this conjugate was enhanced by combining the FITC-labelled avidin with a TRITClabelled swine anti-rabbit IgG (Brandtzaeg & Rognum, 1983 (Rognum et al., 1980) . Both the tumour and the adjacent transitional mucosa were evaluated. The same investigator was responsible for the fluorescence scoring throughout the study; a blind test for reproducibility in a previous study did not reveal any systematic error (Rognum et al., 1980) .
Flow cytometry
Five samples from each of 31 tumour specimens were subjected to flow cytometric (FCM) DNA measurements. Preparation and staining of the single cell suspensions with ethidium bromide (Gohde & Dittrich, 1971) were performed as detailed elsewhere (Rognum et al., 1982b , 1983) , where-as those with one or more peaks above that level were considered as being distinctly aneuploid (AN). The criteria used for splitting the tumours into a ND and an AN group have been described and discussed in detail previously (Rognum et al., 1982b) .
Statistics
For comparison between groups the Mann-Whitney U test was applied.
Results
Clinico-patholological features (Table I) Patients with carcinomas of homogenously poor differentiation were significantly (P % 0.05) younger (55 + 19 years) than those with well-differentiated tumours (71+4 years). All homogenously welldifferentiated carcinomas were localized (Dukes' stage A and B), whereas most poorly differentiated ones were disseminated (Dukes' stage C and D). Histological grade showed no apparent relation to sex or tumour site. Six of the moderately differentiated tumours were disseminated (Table I ).
Well-differentiated tumours
All 6 homogenously well-differentiated tumours showed a heterogeneous staining pattern for HLA-DR antigens (Table I) . In patient No. 3 the tumour was predominantly negative, whereas the remaining 5 expressed a strikingly patchy or variegated pattern (Figure 1 ). The staining for CEA was more homogenous (Table I) . Four of the 5 tumours subjected to FCM showed a ND DNA profile.
Moderately differentiated tumours
The expression of HLA-DR antigens tended to be more homogenous in the moderately-differentiated tumours than in the well-differentiated ones; two were uniformly negative, 14 showed one predominant staining pattern (Figure 2 ), and only 4 showed a strikingly variegated pattern (Table I) . Intratumoural variation of the CEA staining was present in 9/20 moderately-differentiated carcinomas, but the variation was always small and did not exceed one fluorescence score (Table I) . Fifteen of the moderately-differentiated tumours had an AN DNA profile. 1.5 1.5 2 1.5-2 2 2 1.5 1.5-2 1.5 1.5-2 1.5-2 1.5-2 1-2 2 1.5-2 1-2 1.5-2 2 2 3 3 2 1.5-2 2 Conversely, 55% of the disseminated tumours (Dukes' stages C and D) showed homogenous expression for both HLA-DR and CEA and 91% showed homogenous expression of at least one of the two markers (Table II) . (Figures 2 and 3) .
Discussion
More than 90% of the large bowel carcinomas included in our study were positive for HLA-DR antigen--70% showing a patchy staining pattern. Daar et al. (1982) described patchy expression of HLA-DR in 8/15 colorectal carcinomas, the remainders being negative. The positive patches were reported to amount to 10-15% of the examined tumour area and no correlation was found with the degree of tumour differentiation.
The discrepant results might be due to different antibody specificity and test sensitivity. We used a 3-step immunofluorescence technique applied to ethanol-fixed sections. The primary murine monoclonal antibody was directed against a nonpolymorphic determinant and produced the same staining pattern in small intestinal epithelium as that obtained previously in our laboratory by the use of a polyclonal rabbit antiserum to human HLA-DR antigen (Scott et al., 1980) . Daar et al. (1982) used frozen sections and another monoclonal antibody in a peroxidase-anti-peroxidase technique. Thompson et al. (1982) found positive staining in 7/9 colon carcinomas by means of immunoperoxidase staining on frozen sections. They claimed that metastatic tumours were consistently HLA-DR + and showed a more widespread staining reaction than localized tumours. However, the small number of carcinomas examined might explain the failure to find negative metastatic tumours. The strikingly discrepant finding of Natali et al. (1981) indicating that undifferentiated tumours were consistently HLA-DR-might likewise be ascribed to inclusion of a few cases and perhaps differences in staining sensitivity.
In our study we found a remarkable relation between histological grade and the staining pattern for epithelial HLA-DR: homogenously welldifferentiated tumours showed the greatest intratumour variability, moderately-differentiated tumours usually (80%) revealed one predominant staining pattern; whereas the poorly-differentiated ones were quite homogenously stained. A similar but less distinct trend was seen for CEA expression. When the staining patterns of the 2 epithelial markers were considered together, a homogenous expression of one or both antigens was clearly associated with increasing aggressiveness in terms of tumour dissemination (Table II) .
These observations are in agreement with the concept of clonal evolution of tumour cell populations proposed by Nowell (1976 Table I ) although preliminary clinical follow-ups have indicated that they give rise to a more protracted clinical course than the AN counterparts (Wolley et al., 1982; Rognum et al., 1983) .
Our tentative conclusion is that welldifferentiated tumours with a low malignant potential are heterogeneous with regard to HLA-DR expression and tend to be ND, wheras clonal selection taking place in highly malignant tumours may favour homogeneous expression of HLA-DR and CEA. Selection of particularly aggressive clones is usually associated with a distinctly AN DNA profile.
Although an AN DNA profile seems to be an unfavourable prognostic feature (Wolley et al., 1982; Rognum et al., 1983) , the significance of the various patterns of HLA-DR and CEA expression remains unclear in terms of patient survival. We have previously shown that CEA tends to produce the strongest staining in moderately-differentiated large bowel carcinomas (Rognum et al., 1982a) .
The fact that highly malignant large bowel carcinomas were associated with relatively low age is in accordance with previous survival studies (Becio & Bussey, 1965) , but the age-dependent endogeneous factors favoring tumour aggressiveness are unknown.
We found abundant staining for HLA-DR antigen in the crypt epithelium of the transitional mucosa adjacent to the tumours. This epithelium is probably subjected to stimulae from the carcinoma and may express HLA-DR as a reactive sign like activated T-cells (Hammerling, 1976) and macrophages (Steinman et al., 1980) . In graft-versus-host disease, colonic epithelium of the rat likewise expresses such antigens (Mason et al., 1981) . In accordance with Scott et al. (1980) and Thompson et al. (1982) we found that normal colonic epithelium was virtually negative or only faintly stained with the monoclonal antibody to HLA-DR antigens used in this study.
